Slow-wave activity (SWA), and its coupling with other sleep features, reorganizes cortical circuitry, supporting cognition. This raises the question: can cognition be improved through SWA enhancement? SWA enhancement techniques range from behavioral interventions (such as exercise), which have high feasibility but low specificity, to laboratory-based techniques (such as transcranial stimulation), which have high specificity but are less feasible for widespread use. In this review we describe the pathways through which SWA is enhanced. Pathways encompass enhanced neural activity, increased energy metabolism, and endocrine signaling during wakefulness; also direct enhancement during sleep. We evaluate the robustness and practicality of SWAenhancement techniques, discuss approaches for determining a causal role of SWA on cognition, and present questions to clarify the mechanisms of SWAdependent cognitive improvements.
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Non-Rapid Eye Movement Sleep as a Tool for Cognitive Enhancement
Non-rapid eye movement (NREM) sleep in humans consists of three stages, N1-N3, which reflect the transition from 'light' to 'deep' sleep, as defined by arousal threshold, as well as physiological and electrophysiological features. N3 sleep, also called slow-wave sleep (SWS), is characterized by low-frequency slow-wave activity (SWA) (see Glossary) (Box 1) [1] . NREM sleep is essential to autonomic, immune, metabolic, and other physiological functions. Here we focus on neurocognitive functions. Executive function, learning, and memory appear to be especially sensitive to NREM sleep [2] [3] [4] [5] [6] [7] : increases in high-amplitude, low-frequency SWA during NREM sleep are associated with improved executive function [6] . Enhanced SWA and the coupling of slow waves with spindles and sharp-wave ripples during NREM sleep are also critical for memory consolidation [8] (Boxes 2 and 3 ). Recent evidence implicating SWA and NREM sleep in cognitive deficits [9] [10] [11] provides empirical motivation to identify SWA enhancement techniques that are feasible for long-term use outside the laboratory. Thus, the goals of this review are twofold: (i) provide a brief synopsis of the methods for SWA enhancement and give examples of the candidate physiological mechanisms through which they may operate, and (ii) to evaluate the efficacy and the general practicality of techniques for enhancing SWA (Box 4). We evaluate evidence that SWA enhancement can improve neurocognitive function and highlight next-step questions that can better define the potential of NREM sleep augmentation in meaningfully modifying cognition.
Cellular Cascade of SWA Enhancement
SWA during sleep increases after periods of prolonged wakefulness, reflecting increased homeostatic sleep drive (Box 1). The largest increases are observed over the prefrontal cortex (PFC) [12] . In addition to such global, wake-dependent alterations, SWA can also increase in a local, use-dependent manner [13] . For instance, neuronal populations that are more active Highlights NREM sleep contributes to consolidation of memories and restored executive function. The involvement of NREM features in cognition depends on SWA.
Enhancing SWA in older adults and clinical populations with cognitive deficits may effectively improve cognition through sleep.
Techniques promoting energy metabolism (such as exercise) and endocrine signaling (such as growth hormone) are known to enhance SWA and cognition. SWA may therefore mediate the link between these approaches and cognition.
Brain and body heating, and transcranial stimulation during sleep, are promising approaches to identify the functions of SWA that improve cognition.
